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ABSTRACT
Objective: The objective of this study was to determine the nutritional content of palm kernel meal (PM) 
produced in the state of Chiapas, Mexico, as feed for ruminants.
Design/Methodology/Approach: The following were determined: content of dry matter (DM), total protein 
(TP), ethereal extract (EE), ash, neutral detergent fiber (NDF), acid detergent fiber (ADF), amino acids, long 
chain fatty acids (LCFA), minerals, polyphenols, and the in vitro degradability of DM (IDDM), of the NDF 
(IDNDF), and of the ADF (IDADF).
Results: The contents were: DM 92.23%, TP 10.56%, EE 7.2%, ash 3,09%, NDF 76,56% and ADF 57,20%. 
The PM had low concentration of lysine (0.3%), methionine (0.228%) and tryptophan (0.095%), and high 
contents of lauric acid (50.49%), palmitic acid (10.92%), stearic acid (19.725%), oleic acid (13.56%), copper (23.3 
mg kg1), iron (230.5 mg kg1), zinc (78.47 mg kg1) and total phenols (7.8 mg g1), although the IDDM 
(46.02%), IDNDF (29.91%) and IDADF (27.61%) were low.
Findings/Conclusions: The PM, as byproduct of the oil agroindustry, has some important nutritional 
characteristics to be used as feed for ruminants. It is recommended to conduct a chemical analysis of this 
byproduct before including it in balanced meals to have an adequate balance of nutrients.
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INTRODUCTION
	 Oil palm (Elaeis guineensis Jacq.) is a plant from which oil is extracted from its fruit, 
primarily for human consumption, whether from pressing or using solvents (Stein et al., 
2015). During the extraction process, byproducts are generated that can be an alternative 
to be used in animal feed (Pang et al., 2018), such as the palm kernel meal (PM; Figure 1). 
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 	 In Mexico, the total surface sown is 82,150.60 ha, located primarily in the states of 
Chiapas, Tabasco, Campeche and Veracruz, and 54,600.52 ha are harvested; Chiapas is 
the main producer, with a surface sown of 43,468.17 ha and 34,215.05 ha harvested (SIAP, 
2015). It is estimated that the production of PM is 13,169.37 t per year, approximately 
(García and Yañez, 2010), which represents an important source of nutrients for the animal 
diet. The PM has been used in production systems as an ingredient in diets for birds, 
pigs (Zumbado et al., 1992; Kperegbeyi and Ikperite, 2011), sheep (Freitas et al., 2017), 
goats (Ebrahimi et al., 2012), cattle (Oladokun et al., 2016), and fish (Mazón et al., 2018). 
However, the results reported are inconsistent mainly due to the variation in the content 
and the availability of nutrients. The ethereal extract (EE) can be higher than 6% (Oliveira 
et al., 2015), raw protein (RP) varies from 10 to more than 14% (Freitas et al., 2017), and 
there are contents of neutral detergent fiber (NDF) higher than 60% (Stein et al., 2015), 
acid detergent fiber (ADF) higher than 40% (Sulabo et al., 2013) and lignin (Lig) over 20% 
(Fereira et al., 2012), which means that the digestibility of the PM can be low and that it 
would be a more appropriate food for ruminants. It is important to highlight that Shahidi 
and Nazck (2006) consider that the PM can also be a natural source of antioxidants in 
meat, since there are high contents of polyphenols. Presently, in Mexico, PM is a byproduct 
with high demand for the diet of animals due to its low cost, and it is commercialized 
primarily for ruminants. The scientific information on the nutrient content of PM is 
scarce in Mexico, and the results are quite variable. It is important to generate information 
about the chemical composition of the PM to include it in balanced meals and to have an 
adequate balance of nutrients for animals. Therefore, the objective of this study was to 
determine the nutritional content (DM, RP, EE, ash, NDF, ADF, lignin), long chain fatty 
acids, content of amino acids, minerals, total phenols, and in vitro degradability of the DM 
(IDDM), of the NDF (IDNDF), and of the ADF (IDADF) of the PM as byproduct of the oil 
industry in the state of Chiapas, Mexico.

MATERIALS AND METHODS
Chemical analyses 
	 A homogeneous sample of PM was obtained, which was ground through a 1 mm 
sieve with a Willey mill (Arthur H. Thomas, Philadelphia, PA). The dry matter (DM), 
raw protein (RP), ethereal extract (EE) and ash (ash) were determined according to the 

Figure 1. a) Oil palm, b) Bunch of fruits, c) From fruits, d) Palm kernel meal.
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AOAC (2005). The contents of NDF, ADF and lignin (Lig) were determined according 
to Van Soest et al. (1991). All the analyses were made by triplicate in the Ruminant 
Nutrition laboratory of the Livestock program of Colegio de Postgraduados Campus 
Montecillo. The amino acid profile was determined through the AMINONIR® near 
infrared technique (Sedghi et al., 2014), in the company Evonik® S. A. de C. V. Measuring 
the content of calcium (Ca), magnesium (Mg), copper (Cu), iron (Fe) and zinc (Zn) was 
carried out in a GBC atomic absorption spectrophotometer model SavantAA. Selenium 
(Se) in a spectrophotometer of coupled plasma in optical emission of brand Horiba 
Scientific, model Ultima 2 (ICP-OES). Phosphorus (P) was determined in an Ultra-
Violeta (UV) spectrophotometer brand Jenway, Model 6715, in the National Laboratory 
for Research and Agrifood and Forestry Service (Laboratorio Nacional de Investigación 
y Servicio Agroalimentario y Forestal, LANISAF) at Universidad Autónoma Chapingo, 
Texcoco, Estado de México.
	 The long chain fatty acid (LCFA) profile was determined with the methodology of 
esterification and trans-esterification by Sukhija and Palmquist (1988), modified by 
Palmquist and Jenkins (2003) and Jenkins, (2010), in a Hewlett Packard 6890 chromatograph 
with automatic injector, arranged from a silica capillary column (100 m  0.25 m of 
thickness, Sp-2560, Supelco Brand). The concentration of total phenols was determined 
according to Makkar (2002) and the phenolic compounds according to Aguiñiga-Sánchez 
et al. (2017).
 
In vitro degradability of DM, NDF and ADF
	 The in vitro degradability of DM, NDF and ADF of the PM was determined in a Daisy 
II® ANKOM® incubator model with 25 m pore. The ruminal liquid from a Holstein bull 
(550 kg PV) was used as inoculum, with a permanent cannula in the rumen fed with a diet 
based on oats hay with grain and alfalfa hay. The samples were inoculated and incubated 
for 3, 6, 9, 12, 24, 48 and 72 h, following the methodology by Curzaynz et al. (2020).

RESULTS AND DISCUSSION
	 The RP content (Table 1) of PM was 10.55%, value lower than 13.24, 15.9 and 19.4% 
reported by Fereira et al. (2012), Abubakr et al. (2014) and Tipu et al. (2014), respectively. 
That of EE was 7.27%, value higher than 1.3 and 6.3% reported by Stein et al. (2015) and 
Sulabo et al. (2013), respectively, although lower than 9.1 and 12.1% reported by Abubakr 
et al. (2014) and Tipu et al. (2014). The content of NDF and ADF was 76.5 and 57.2%, 
values higher than 77.9 and 49.4% reported by Stein et al. (2015), although lower than 72.3 
and 47.6% reported by Abubakr et al. (2014), respectively (Table 1). The content of amino 
acids was low, particularly of essential amino acids such as lysine, methionine, threonine, 
phenylalanine, and tryptophan (Table 1). This indicates that the protein from the PM is 
of low quality, which could limit its use in diets for non-ruminants. The concentrations of 
calcium (Ca), phosphorus (P) and magnesium (Mg) are low, compared to other ingredients 
such as corn, although copper (Cu), iron (Fe) and zinc (Zn) are relatively high (Table 1). 
These values should be considered when PM is included in balanced meals, since it can 
be deficient in macronutrients but entail metabolic risks from the excess of Cu and Zn. 
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Balandrán-Quintana et al. (2019) mention that the nutritional value of an oily ingredient 
is practically given by the extraction method of the oil used, since it can affect the nutrient 
content. The most frequently used methods are from mechanical extraction or pressing, 
solvents, and hydrothermal techniques. Extraction from pressing is the one mainly used 
in Mexico the, which seems to leave more oil and less nutrients in the PM, in contrast 
with the extraction with supercritical carbon dioxide, which seems to be a more efficient 
technique for oil extraction and to concentrate more certain nutrients.
	 The fat from the PM is made up primarily by saturated fatty acids (SFA), mainly lauric, 
palmitic and stearic, which make up 81% and present low concentration of unsaturated fatty 
acids (UFA), mainly oleic (Table 2). The presence of phenols in the PM is a very important 
nutritional characteristic due to their high content and concentration of hydroxybenzoic 
acid (Table 2).
	 The degradability of the DM was determined traditionally at 24 h because of the daily 
consumption of the animal. The results show that the IDDM, IDNDF and IDADF and the 
digestion rate (Kd) of PM were low (Table 3). These results agree with those reported by 
FEDNA (2015). The degradability of a nutrient allows estimating the nutritional value of a 
food or a diet and predicting the productive behavior of the animal. The low degradability 

Table 1. Chemical analysis for content of amino acids and minerals in palm kernel meal (PM).

Nutrients (%) Aminoacids (%) Minerals
Dry material 92.23 lysine 0.37 Phosphorus (%) 0.16

total protein 10.55 methionine 0.22 Calcium (%) 0.12

Ethereal Extract 7.27 threonine 0.36 Magnesium (%) 0.19

NDF 76.56 tryptophan 0.09 Copper (mg kg1) 23.30

ADF 57.20 Leucine 0.79 Iron (mg kg1) 230.55

Cellulose 23.75 isoleucine 0.42 Zinc (mg kg1) 78.47

hemicellulose 19.75 histidine 0.21

lignin 31.30 valine 0.63

ashes 3.09 Phenylalanine 0.52

NDF: Neutral detergent fiber; ADF: Acid detergent fiber.

Table 2. Long chain fatty acids and phenolic acids in palm kernel meal. 

Fatty acid (%) Phenolic acids
caprylic 4.34 Totals 7.800.50 mg g1

capric 4.12 gallic 0.0070.0003 g g1

Undecanoic 0.15 ferulic 0.0020.0001 g g1

lauric 50.49 hydroxybenzoic 0.2760.0228 g g1

myristoleic 7.67 protocatechuic 0.0080.0002 g g1

palmitic 10.82

stearic 19.72

oleic 13.56

linoleic 1.95
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of the PM is due to the high concentrations of fiber (ADF) and lignin, which is given by the 
presence of the pit or hard husk that covers the kernel and, also, due to the high fat content 
that affects the growth of cellulolytic bacteria and ruminal fermentation (Chanjula et al., 
2010). Other factors that affect the chemical composition of the PM is the efficiency of oil 
extraction from the kernel, the residual endocarp, agronomic tasks, and the oil extraction 
method used (Balandrán-Quintana et al., 2019).

CONCLUSIONS
	 The palm kernel meal produced in the state of Chiapas is a byproduct with nutritional 
characteristics that can be used in animal feed, particularly because of its content of protein 
and fat. However, it should be considered to be a rough food due to its high fiber content 
and low digestibility, characteristics that make it a more appropriate food to be included in 
balanced meals for ruminants, although in limited amounts. Due to the variability in the 
nutritional composition and low digestibility of palm kernel meal, it should be analyzed 
prior to its incorporation in the diets for animals. It is suggested to research more about its 
potential as a source of natural antioxidants from its high content of total phenols.
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